Intracytoplasmic hyaline globules were found frequently in chromaffin cells of the adrenal medulla from several species of laboratory animals that died from various causes. The globules stained intensely red with PAS, were weakly acid-fast, did not stain with oil-red 0 and showed bright yellow autofluorescence. Ultrastructurally , they were finely granular, round to oval, intensely osmiophilic and were surrounded by an intimately bound trilaminar membrane. The globules were interpreted as aggregated secretory granules that occur in degenerating cells.
Intracytoplasmic hyaline globules in the adrenal medulla have been recognized in several animal species [ 5 , 91 including nonhuman primates [14] . They were first described in 1909 in people that died of infectious disease. These globules were interpreted as phagocytized erythrocytes [16] . Since then they have been found associated with various conditions including infectious disease, neoplasia and poisoning.
Materials and Methods
The adrenal glands from mice, rats, hamsters, guinea pigs, rabbits, dogs, opossums and Rhesus monkeys used in dibenzo-p-dioxin and chlorinated biphenyl toxicologic studies and from animals that died from spontaneous disease (mainly bacterial) were examined for intracytoplasmic hyaline globules in the chromaffin cells of the medulla. All tissues for light microscopy were collected soon after death and were fixed in 10 percent neutral buffered formalin. Sections were routinely stained with hematoxylin and eosin (HE). Special stains were periodic acid-Schiff (PAS), oil-red 0, Ziehl-Neelsen acid-fast and Millon's reaction for tyrosine [19] .
Parts of adrenal medulla for electron microscopy were removed from guinea pigs while the animals were anesthetized. Tissues were fixed in 2.5 percent glutaraldehyde and 2.0 percent paraformaldehyde in cacodylate buffer (pH 7.4) for 6 hours, washed with cacodylate buffer (pH 7.4), then put in 1 percent osmium tetroxide in cacodylate buffer (pH 7.4) for 2 hours, dehydrated in alcohol and propylene oxide, and embedded in epon 812. Thick sections (0.5 micrometers) for light microscopy were cut with an ultramicrotome and stained with toluidene blue. Thin sections, 400-600 x lo-' millimeters by interference color, were stained with uranyl acetate and Reynold's lead citrate [17] . 
Results
Intracytoplasmic hyaline globules were found in various numbers in all species of animals examined except the mouse and were similar in morphology and staining characteristics. They occurred in chromaffin cells as single or multiple round nonrefractiie isotropic eosinophilic bodies that varied in size from 1 to 30 micrometers in diameter ( fig. 1 ). They resembled erythrocytes but could be differentiated from them by their intracytoplasmic location, varied sizes, smooth waxy appearance and less intense eosinophilia. They could be found in all areas of the medulla but were seen more frequently in cells near the cortex but were never found in the cortex. Occasionally they were in vascular spaces. The globules stained intensely red with PAS ( fig. 2 ), were weakly acid-fast ( fig. 3 ), and did not stain with oil-red 0. They were light brown with Millon's reaction for tyrosine ( fig. 4 ). When HEstained slides were examined under ultraviolet light, the globules showed bright yellow autofluroescence. Many more globules were seen with this method and the PAS reaction than were seen in HE-stained slides viewed with standard light micrscopy .
Ultrastructurally the bodies were randomly scattered throughout the cytoplasm of both epinephrine-and norepinephrine-producing cells. They were finely granular, usually round to oval, intensely osmiophilic and were surrounded by an --Fig. 3 : Globules mildly acid fast (arrows). Ziehl-Neelsen. Fig. 4 : Adrenal medulla from guinea pig that died after oral exposure to 2,3,7,8tetrachlorodibenzo-p-dioxin. Positive reaction by globules with Millon's method for tyrosine.
intimately bound trilaminar limiting membrane ( fig. 5 , 6 ). Their overall appearance closely resembled the core of the numerous smaller catecholamine-containing secretory granules scattered throughout the cell. Membrane remnants and occasionally small bodies resembling secretory granules could be found in the globules near the edge ( fig. 7 ). The number of secretory granules seemed to be slightly less in globule containing cells than in controls. There also were few empty and partially vacuolated secretory granules. A few mitochondria in affected cells were swollen and contained distorted cristae.
In one series of guinea pigs exposed to 1,2,3,7,8,9-hexachlorodibenzo-p-dioxin, 10 of 12 that died or were killed in a moribund condition had intracytoplasmic hyaline globules. There was a direct correlation between their presence and the amount of adrenal hemorrhage and necrosis, especially in the medulla. Mice that died of exposure to the same compound did not have the globules; neither did they have adrenal hemorrhage or necrosis. Of the three opossums with globules, one died of dioxin exposure, one of salmonellosis and one of unknown cause. Of the four Rhesus monkeys with globules, two were from a group of monkeys exposed to polychlorinated biphenyls and two were given lethal amounts of 2,3,7,8-tetrachlorodibenzo-p-dioxin. Globules also were seen in a dog that died of a septicemia and had adrenal cortical necrosis. Two rabbits with globules died of pasteurellosis. Three hamsters with globules died of unknown causes.
Discussion
Intracytoplasmic hyaline globules are a fairly common finding in laboratory animals and man. They have been associated with infectious disease [15] , neoplasia [3] , severe stress [14], central nervous system degenerative diseases [8] and in this study, chemical intoxication. In most cases they were found in necropsy specimens of animals or man. The globules cannot be attributed to postmortem change, however, because they were found in guinea pigs and monkeys killed in moribund condition and in baboons considered healthy except for the physical and psychological stress of caging [14] . It is assumed the globules are formed when the host is undergoing severe adrenal stress from various causes.
The globules in this study were similar in their morphology and histochemical characteristics regardless of the animal species. They also were comparable to those reported previously [3-5, 7-9, 141. One researcher showed that the globules are similar to amine granules and also have mucoproteins [4] . Others felt the droplets were similar to lipofuscin pigment derived from products of lipid peroxidation [7] . Ultrastructurally the globules do not resemble lipofuscin in the heart [13], nervous system [18] or in the chromaffin cells under study.
An attempt was made to determine if the globules were restricted to either epinephrine-or norepinephrine-producing cells. By light microscopy these two cell types can be differentiated with several special stains including fast green, naphthol yellow, the Sakaguchi reaction and Millon reaction [ 6 ] . With all these methods the cytoplasm of epinephrine cells stains more intensely than that of norepinephrine cells. It has been suggested [lo] that the less intense staining of norepinephrine cells is caused by "masking" of acidic protein groups. This "masking" is caused by a reaction product of fixative and norepinephrine. In control (normal) animals these cells could be differentiated from each other with the Millon reaction, although in tissues from sick or dead animals the results were equivocal, with only the globules taking the stain.
Ultrastructurally the cells can be differentiated on the basis of the morphology of the secretory granules [6, 12] . The electron-dense cores of the secretory granules in epinephrine cells are round to oval, are usually arranged concentrically and are separated from a crenated limiting membrane by a regular electron-lucent space. In contrast, the secretory granules in norepinephrine cells vary in electron density, are elongated ovals or ellipses and are separated from the limiting membrane by an irregular interval of lucent space. Based on these criteria we found globules in both epinephrine-and norepinephrine-producing cells although there was no morphometric analysis to determine if one type was more affected than another.
The ultrastructural findings in our guinea pigs differed in one significant respect from those of a study in man [7] ; in the latter study the globules were coarsely granular whereas we noted fine, granular globules. A possible explanation for this discrepancy is that the human material had been formalin-fixed before treatment for electron microscopy, thus causing coarse granular globules. This seems a more plausible explanation than species difference because others have found identical histochemical staining reactions for man [8] and guinea pigs [4] .
The reduced number and the presence of empty secretory granules suggest that the affected cells were depleted of their secretory material. Except for the globules, the cytoplasmic changes were similar to those in animals treated with insulin [ l , 111 or exposed to cold stress [2] . We conclude that the globules represent a degenerative state within the chromaffin cell (both epinephrine-and norepinephrine-producing cells) and are probably composed of coalesced secretory granules (lysosomes). Because they were found only in adrenal glands with necrosis or hemor-rhage or both, the globules may represent a terminal event in the life of the affected cell.
